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INTRODUCTION 
The kinetics of a reaction refers to the velocity of 
chemical reactions as they approach equilibrinm and the way 
the rates are affected by changes in temperature, eolvent, 
concentration, catalysts, pressure, and radient energy, 
Research in thier area has been directed toward detemination 
of chemical mechanism as well as completing data on rates 
of speciflo reactions to use as a basis for Farther 
experimentation. 
Reaction rates, oocur over a wide w e  of time from 
a matter of secondsto many weeks and longer, The inter- 
mediate reactions are more adequate for measaring reaction 
velocity. Reaction velocity is the quantitative rate of 
ohange in the reactants per unit time. 
To measure reaction velocity, It I s  necessary to use 
lndlraot or direct means by either a chemical or physical 
procese. In the ohamical process, which I s  the more common 
type of snalysis, it ie necessary to determine the concen- 
tration of one of the reactants or products at the moment 
Thompson Gucker and William Buell Mel&mm, 
(New York: The American Book Company, 
2 
the sample is removed from the main solution. Therefore, the 
sample which is removed must be "frozenn immediately by 
dilution, rapid cooling, or by the additlon of another 
reagent in excess and back titrating. The rate of change in 
a reaction may also be followed by determination of some 
physical property guch as change of color to eye or instm- 
ment, change in refractive index, or by a change in electrical 
conductance. 
Conductance measurements are usefnl in many physico- 
chemical problems such as: (1) determination of solubilities, 
(2) degree of salt hydrolysis, (3) investigation of molecular 
complexes, (4)  conductometric tltrations, and ( 5 )  determin- 
ation of reaction rate.' This study is concerned xlth the 
conductometric measurement of the reaction rate of 1-bromo- 
2.4-dinltrobenzene and 1-iodo-2,kdinitrobenzene with 
piperldlne in 95 per cent ethanol. 
In the conductance method, one can detect the 
disappearance or additlon of ions in a solution to deternine 
reaation rats provided there be no appreciable reaction 
between the produats or the reagents and the products for 
this would produce a nonlinear fuz~ctlon.~ Since the reaction 
IDuncan MmoInnea, The Prlnol~las Electroohemistry 
(New Pork: Reinhold Publishing Corporation, 195O), p. 375. 
2~uoker. OJ. $3 . p. 281. 
between 1-halo-2.4-dinitrobenzene and piperldine forms 2.4 
8initrophenyl-piperidlne, piperidinlum ions, and halide ions, 
the reaction could be followed by a conductometric procedme, 
The reaction proceeas as follows: 
where X = fluorine, chlorine, bromine, and iodine, 
-1964, Charles 0 ,  Frank, a graduate student at Drake 
University did an interesting determination of the reaction 
rate of 1-ohloro-2,4-8initmbenzene and piperidlne in 95 per 
cent ethanol by meamring the change in conductance over a 
period of time of a platinum electrode oell containing the 
reactants, The results of his analysis which determined the 
rate through the use of a physical property compared closely 
with rates obtained through chemical and spectral studies by 
other observers, Frank found that the physical determination 
by electri& conductance in an alternating circuit con- 
verdantly allowed a contlmoas monitoring of the gystem so 
meamrementa could be obtained st will. ' 
It m a  the purpose of this study to: (1) determine if 
the nee of the Wheatetone bridge method used by Charles 0. 
Rank m e  versatile enongh to apply to other areas, (2) perform 
lCharlea 0, Frank, nA Condaotometrlo Study of the 
Inf'lnenoe of Conoentration and Temperature on the Reaction 
Velocity of 2.4-Dinitroahlorobenzene with Piperidlne in 95 
Per Cent Ethanoln (unpublished Haster's thesis, Drake 
University, Des Moines, Iowa, 1964). 
4 
the experiment on a Hodel RC-18 Condnctivlty Bridge which 
would insure greater accuracy and convenience, (3) establish 
a halogen series for the reaction between 1-halo-2.4-dini- 
trobenzene and plperldine in 95 per cent ethanol, (4) prepare 
l-iodo-2.4-dinitrobenzene fm use in the project, ( 5 )  calcn- 
late the reaction energy and antrophy for the bromo- and 
iodo- snbstituted 2,~inltrobenzenes with piperidlne, and 
(6) compare the results obtained by this physical method to 
the results obtained through other methods. 
ELectroch~istry fiyst got its start, in 1800, &en 
WfXLfam Nicholson and Sir Anthony h r l ~ s l e  decomposed water 
rlth sn electric current.' In 1807. Sir Htrmphrey D B v  
fgolated the mews so8iw and potassla f m m  electrofysis 
of their a s a d  hjdroxidea.2 Baron C. J. von Gmtthuss 
fonnnlated his h$pothesla regarding the ~~ecfianimt of 
electrolysis in I8Of. He belfeveil that an i z m t a 9 t e ~ e ~ 1 ~ s  
dissocfation af moleenles mas caused by the e1ec-c c a m n t  
when it passed tluu,~gk a solntfon, The negaefve pale mrrld 
attract the m g e n  ~ B I  a water m o l e d e  eansfng the 
orggen to take a hydrogen from an adjaaent molecule which 
would continue to the positive pole where the oxygen atom 
mrald be libemted.3 
Grotthuss' views met with some opposition and his 
theory of eleatfolytlo conductlon by a molecular chain rras 
reviered by Faraday and Hittorf. Be Qansins radical17 
lplorian Cajorl, Hlato of Physics (New York: The 
kcmillan Company, 1917). *- p. 
2~noker, z. &. . pp. 314-315. 
3 ~ ~ r o n  J. Ihda, Dsvelo merit Modern Chemistry 
(New York r Harper and Row, r e 1 3 1 - 1 ? 2 .  
6 
modified the Grotthuss theory in 1857 by denying the idea 
that the electric current breaks the molecules apart, A very 
large EoMmFo would be neeaed to do this which did not fit the 
experimental fact that even a small E o M o F o  will produce 
decomposition, Instead, Clansins proposed that some of these 
particles already existed in the solution in an uncombined 
state, G, Quincke and F o  Kohlrausch supported this idea and 
used the dissociation hypothesis to explain migration of ions 
and conduct~vit~.~ By using vantt Hoff's work on osmotic 
pressures, Arrhenius showed further evidence that these 
particles did exist in the uncombined state in solution, 2 
Charles Wheatstone invented a bridge in 1843 that would 
measure resistances of solutlons much more accurately, In 
this Wheatstone Bridge, one arm contained the cell with the 
eolation of unknown resistance while the other arm contained 
]mown resiatancea which could be placed in the circuit as 
needed. A galvanometer was connected batueen the arms which 
uould detect an unbalanced current whenever the resistances 
in the two arms was unequal, This nul l  point method enabled 
the detection of small resistances s3nce the current flowing 
through the galvanometer would be at a m i n l ~  when the bridge 
2 ~ .  M e  Pattison Muir, & Histom of Chamicsl Theories 
an L.rs (New York: John Wile y and sons71- 331. A- 
7 
was balanced. Kirchhoff added a slidewire to the bridge for 
even finer detection of cell resistances, 1 
Kohlrausch, in 1868, proposed that alternating current 
of low intensity, produced by an induction coil, be used In 
electrochemical work to eliminate polarization at electrode 
faces, With the reversal of a current at abontl+000 times 
per second, each pulse would be neutralized by a correspond- 
ing reversed pulse. He also replaced the galvanometer with 
telephone ear phones as a null point detector, Kohlrausch 
proposed coating electrodes of platinum with platinum black 
to reduce polarization effects produced by alternating 
fields. * Jones and ~ollin~er3 toand that polarization due 
to high frequency was negligible when a properly designed 
cell was used. They also found that a small trace of lead 
acetate added to the chloroplatanlc acid solution used in 
alectraplstlng kept the platinum black from flaking, 4 
'Samuel Glasstone, & Introduction to Electrochamistr~ 
(New Pork 8 D o  Van Nostrand Cornpaw, Inc., 1942 1, p ~ .  32-35. 
3~rinnell Jones and Dorothy Bolllngcr, .The Measure- 
ment of the Conductance of Electrolytes. VII, On Platiniza- 
tion, Journal of the perlean Chemical Society, LVII 
(19351, 280. 
4~rinnell Jones and DorothJ Bolllnger. "The hamre- 
ment of the Conductance of Elactrolytes, 111, Design of 
Cells, Journal af a Ameriaan Chemiod Society, L I I I  
(1931). 411. 
8 
Hovorka and ~endenhhlll found that s cathode-rar tube 
for a detector was better adapted than ear phones for work 
involving a large number of measurements and was as sensi- 
tive as previous detectors, 
In 1850, the first kinetics experiment was performed 
by Ludwig Wilhelmy, Using a polarimeter, he obsemed the 
change In rotation of sucrose from dextrose to levnlose by 
Inversion with hydrochloric acid, Wilhelmy fonnd the rate of 
inversion was proportional to the concentration of dextrose 
at any time during the reaction, In 1860, Berthelot and St, 
Gilles used rate studies on hydrolysis of esters. In 1866, 
Harcourt showed the oxidation of iodic acid by peroxide is a 
first order reaction proportional to the concentration of 
iodide, He also studied the redaction of potassium perman- 
ganate by o W i a  acid, Vantt Hoff had studied mlxhres of 
gauss and liquids by 1884 and found that an increase in 
temperature would famr the endothermic n a c t ~ o n . ~  
~ohlraasch3 in 1874 shmed that conductivity of a solution 
inareaetas linearly with an inorease in temperature, 
1- Hovorka and Elm E, Mendenhall, Oathode- 
Ray Tube Alternating Current Bridge Detector for Conductivity 
Measurements, Journal - of Chemical Education, XVI (1939 ) , 
239-241 
21hde, s. urn, pp. 406-407. 
3Redrick Kahlrausch, nThe Relation Batween Tempera- 
ture and Conductivity of S~lntions,~ g. 
(1907). 630: Chemioal Abstract, Volume 1 
9 
Le Chateller found that a change in temperature or presmre 
would cause a shift in equilibrium in the direction that 
would relieve the strain on the systeme1 
In 1888, ~ e ~ r e a n o ~  f llowed the rate of reaction 
between ethanol and acetic acid by noticing the change in 
the resistance of the solutione Price3 cletermined the 
reaction rate between ethanol and hydrochloric acid by a 
conductometric process. Rivett and ~ i d g w i c k ~  in 1910 and 
~ r e e n b e r ~ 5  In 1962 studied the hydrolysis of organic acids 
by their conductivity In a solution. Cody and ~ i c t e m a l t e r ~  
studied the reactions between silver melissilate, lead 
stearate, copper oleate, and others with hydrochloric acid 
in benzene for the first conductometric study with an 
organio solvent. Other conductometric determinations of 
'~e~reano, nVelocity of Etherif lcatlon Determined br 
Means of Electrical C~nductanca,~ Journal -- of the Chemical 
Society, LIV (1808). 1025. 
3~homas Slater Price, nThe Bcsction of Ethyl Alcohol 
and mdrochloric Acid, Journal the Chemical Society, 
LXXM (1901)m 303. 
4Albert Blvett and N e e 1  Sidgrlck, nThs Bate of 
Hydration of Acid Anhydrides: Snccinic, Methylsuccinic, 
Itaconlc, Edeic, Citraconic and Phthalic," Journal of the 
Chemical Society, XWII (1898). 677. 
5~avid B. Grsenberg, "Reaction Kinetics from Condnc- 
tivitj Data," Journal of Chemical Educetion, XXXM (1962). 
140. 
68.  P. COQ, and H. O. Lictenralter, n ~ h s n i ~  
Reactions and. Eleotrical Conduotlvlty of Nan-aqueous Salu- 
tione Journal & American ChamiW Society, XXXV 
(19131, 
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reaction rates are: (1) nitroethane with water and with 
deuterium oxide1. (2 ) saponof ication of esters2, (3) reac- 
tion between 1-chloro-2.4-dinitrobenzene and piperidine in 
sthanol3, and (4) s ~ l v o l ~ s i s  of tertiary butjl chloride4, 
(5) alkyl halides with potassium Iodide in acetone5, and 
(6) diphenylchloromethans and ethanolO6 All of the 
conductometric reactions mentioned above were determined by 
measuring the resistance change due to a change in ionic 
content of solution with time, 
Opstall7, in 1933. reacted 1-chloro-2.4-dinitrobenzene 
k a m e 1  H. h r o n  an8 Victor K. LaHer, "ICinetics of 
Isomerization of Aci to Nitro Forms of Nitroethane in Water 
and Deuterium Oxide," Journal of the American Chemical Society 
LXI (19391, 692. 
'~0h.n Chesick and A. Patterson. Jr., nDeterminatlon 
of Reaction Rates With an A. C. Conductivity Bridge. " Journal 
o f  Cha 
- mica1 Education, XXXVII (1960). 242. 
'~rynmar Jones and D. J. Worsfold. nDeterminatlon of 
Reaotion G t e s  by Conductivity ~easurements, Nature, CUEVII 
(1951), 1072- 
bames P. Norrls and Avery  A. Morton, "The Reectlitf 
of Atoma and Groups in Organlo Compounds. 111. First Contri- 
bution on the Carbon-Chlorine Bond: The Rate of Reaction 
Between Dlphenylohloromethane and Ethyl Alcoh01,~ Journal 
the American Chemical Society, L (19281, 1795. 
-
7 ~ .  Jo Opatall ,  "Reaction Velocity of 1-Chloro-2.4- 
dinltrobenzena an8 1-mom-2.4-dinitmnaphthalene with 
Ammatic Aminoa," Reouail - des travaux chimisues des Pa 8 Bas, +- L I I I  (1933). 901-911; Chemical Abstract, Trolune x(l3 ), 2 6 .  
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with piperidine and by a volumetric titration of chloride 
with silver nitrate, found the reaction to be second order. 
Since that time, many related reactions involving piperidine 
and other reagents have been performed on the nitro and halo 
mbstituted aromatic compounds. Some examples are a8 follows 
halo-2.4-dinitrobenzenes (1) with N-methylaniline in ethanol 
and in nitrobenzenel, (2 ) with aromatic primary amlnes2, 
( 3 )  rith benzoate3, (4) rith plperidine in dioxane, ethanol, 
and rnethano14*5, ( 5  ) with piperidlne and no solvent6, and 
l ~ e o r ~ e  S. Hammond and Laurence R. Parks, "The M s -  
placement of Halogen from 1-Halo-2, 4-dlnItrobenzene~,~ 
Journal of The ~merican Chemical Society, LXXVII (l955), 340-34.3.- - 
'~ttar Singh and D. H. Peacock, "The Reactivity of 
Halogen Compounds. 11. The Rates of Reaction and Energies 
of Activation of 2.4-Mnitrochlorobenzene with Aromatic 
Primary Aminee, Journal Of Physical Chemistry, XL (1958). 
669-6780 
~ ~ a x r e n c e  R. Parks, George S. Ehmond, and Frederick 
Hawthorne, "Subatituent Effects on the Reactions of Benzoate 
ions with 2.4-dinltrochlorobenzene and methyl iodide," 
Journal of American Chemical Society, LXXVII (1955). 
2903-290K 
4~. P. Bunnett and B. J. Morath, "The Bates of Conden- 
sation of Piperidine with l-Chlom-2,4-dieitmbenzene in 
Varioue ~ o l v e n t s , ~  Journal -- of the American Chemical Society, 
LXXVII (1955). 5165. 
5 ~ s t  Berlinu. ~ ~ c l e o p h i l i c  Msplacement in the 
Benzene Series, JOU& of the- American Chemical Society, 
LXXW (1952 ), 157- - - 
6 ~ .  P. BaMatt and George T. Davits. qlnetloe of 
Reaction of 2.4-Dinitrachlorobenzene with some Familiar 
Nucleophilic  reagent^,^ Journal of the American Chemical 
Society, WNI (1954). 3-57 - 
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( 6) nlth sulf lte In aqueous ethanol1 ; halo-nltrobenzenes- 
(1) with piperidine in benzene2@3, (2) with piperidlne in 
4 dioxane, methanol, an8 ethanol , (3) with plperidine in 
xylene5, and (4) with sodium methoxide In methanol6; the 
halonaphthalenes and halonltronaphthalenes- (1) with 
plperidine In ethanol7, and (2) wlth piperldine and no 
1 ~ .  A. Adenlran, C. W. L. Bevan, and J. Hlrst, "Aro- 
matic Nucleophilic Replacement. Part IX. The Reaction of 
1-ma-geno-2,4=dinItrobenzenes with Sulflte Ion in Aqueous 
Ethanol," Journal of the Chemical Society, (1963). 5868- 
--
5872. 
'1. Grelzerstein, R. A. Bonelll, and J. A. Brleur. 
"Polar Effects of Substituents on Reaction Rates of 4-B and 
5-B-2-Nltrochlorobenzenes with Plperidine In Benzene," 
Journal of the American Chemical society, LXXXIV (1962). 
rn-3z - 
'~orne A. Brlaux and Venanclo Dealofen. "The Reaction 
of Halonit~benzenea wlth Piperldlne, ~hemistm 3 Industn, 
(1951). 971. 
4~. F. Bunnett and R. J. Month, "The Ortho-Para Elatlo 
In Activation of Aromtic Nucleophillc Snbstitutlon by the 
Nitro Group," Jmrnal of ~merican Chemical Society, 
LXXVII (1955 ) , ' F 5 0 ( j .  
$8. M. F. Hawthorne, "The Question of Hydrogen Bonded 
m a i t i o n  States in Nucleophilic Aromatic Substitution 
 reaction^,^ Journal -- of the Amerloan Chemical Society, LXKFTI 
6 ~ .  F Bunnett. "A New Faetor Affecting Reactivity in 
Bimolecular ~ a c l e o ~ h f i c  Displacement ~eactions , Joarnal 
of the American Chemioal Society, LXXM (19571, 5 9 w .  
--
?pa010 Beltram and Massirno Slmonetta, %lnetIos of 
the Reaction between Plperidine and Halonltromphthalenes. 
IV. Gazzetta chimica ltdiana, XCII (1962 1, 351-364: Chemical 
p.bstracts, VO-5, 6478. 
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solvent .lv2 The kinetics for the reactions above have been 
determined by ~ 0 1 t m e t r i ~  or spectrophotometric methods but 
not by a conductometric process. 
G. M. ~ e m c t t ~  synthesized 1-iodo-2.4-dinltrobenzene 
in 1939 by adding 1-chloro-2,4-dinltrobenzene and sodium iodide 
to ethylene glycol and heating for 30 minutes. Only a 30 
per cent yield was obtained. Bannett and coaner4 found that 
1-iodo-2.4-dinitrobenzene could be synthesized in a 70 per 
cent yield by using N,Nt -dimethylformamlde instead of 
ethylene glycol. They also observed that the percentage 
yield decreased with longer periods of reflux. 
l E m s t  Berliner, Margaret Quinn, and Patricia J. 
Edgerton, nNucleophilic Displacement In the Raphthalene 
Series," Journal of the American Chemical Society, LXXII 
(1950). 5-8. - 
21(, R. Brorer and E. D. Amstntz, wHalogen Reactiritles. 
11. Kinetic Study of Displacement Reactions of Bmmo-naphtha- 
lenee with ~iperdlne, " ~ournal - of Or~anic Chemistry, XVIII 
(1953) . 1075-1078 
3 ~ .  M Bennett end Icla B. Vernon, nRcrersible 
Replacement of fmatlc Halogen Atorn~,~ Journal of the 
Chemical Saoiety, (1938). 1783-1786. 
4~. F. m t t  and R. M. Comer. H ~ r o ~ d  -pa-- 
tion of 1-Iodo-2.4-~inltrobsnzene. J O ~ -  of 0rmnlb 
C h e m i s t ~ ,  XXIII (1958). 305-306. 
CHAPTER I11 
EXPERIMENTAL DESIGN AND CALCULATIONS 
I EXPERIMENTAL DESIGN 
In the determination of the rate of reaction, the 
problem was to measure the change in conductivity of a cell 
containing the reagents after known times had elapsed from 
a zero time. To obtain the Arrhenius parameters the concen- 
trations were varied over a range of 0.0389 moles per liter 
an8 the temperatures were varied over a range of forty degrees 
Centigrade. 
Apparatus and -prellminar~ work. In this project, a 
Model RC-18 Conductivity Bridge from Lndaetrial Instruments, 
Incorponrted was employed. This Instrument ha8 a Wheatstone 
bridge circuit complete ~ I t h  an oscilloscope deteotor, A.C. 
circuitq for either 1000 or 3000 c~clea, decade dials 
allwing a cell maximam of 111,111.1 ohms resistance or 
11,111.11 mioromhoe condnctanoe, a slritch 80 that realstance 
or aonduotmoe o m  be measured directly f r o m  the bridge, a 
sensitivity ragnlator, a Wagner m u n d ,  coarse and fine 
variable capaaitora to balanoe cell capacitance and thereby 
insnre easier and more roaarate readings at higher sensltlvi- 
tiea, and an instrument ground to eliminate some of the stray 
fielde that would otherwise cauBe diattulbanoes on the 
15 
oscilloscope and contribute to a loss of seneitivity in 
I 
the instrument readings, I 
According to the instruction manual, the instrament I 
is capable of giving readings with precision up to 0,l per 
cent, 1 
A double throw switch was placed In the leads between I I 
the instrument and the cells so that readings could be taken 
from either of the two cells without removing the leads from 
the cells. All the leads mere made as short and kept as 
far apart as possible, The leads were shielded wlth woven 
copper shielding which was grounded to the water pipe, It I 
was noticed that without the shielding that readings with 
the sensitivity on only one-half of the full scale were 
virtually impossible to take, 
The aells ased were of the Kohlransch tme. Cell 1 
m s  designed for medium conductances as its electrode8 ware 
amall, circular, and far apart, Cell 2 rra8 designed for 
low oanduatanoee as its electrodes were large, curved rec- 
tangular. and close together. The Fisher Catsilo8 lists 
two cell8 which correopond to the cells ased in t M s  stue, 
'~dustnul Instruments Inc., mstru~tion ihnoal. 
(Cedar Grove, New Jersey, 1965). p. 2. 
2~isher Solentiflo Coapw. Fisher llodern Iaborato 
ance.. (New York r Fisher Scientific Company.'- *
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Cell 1 (Catalog NO. 9-36? 1 has a cell constant of approxi- 
mately 1.3 reciprocal ohm-centimeters while cell 2 (Catalog 
NO. 9366) has a cell constant of nearly 0.17 reciprocal ohm- 
centimeter. Both cells were equipped with mercury filled 
arms to provide the contact between the electrodes and the 
outside leada. 
The constant temperature baths employed were of two 
typeer the vapor type and the mercurial thermoregulator type. 
The vapor type used s volatile liquid vapor thermostat which 
was employed for the 25.0~ readings with the 1-iodo-Z,4di- 
nitrobenzene and the 1-chloro-2.4-dinitrobenzene. This 
bath oontained a 750 watt heating coil which had to be 
balanced by a cold tap water coil. The Mercnrial Thermo- 
regulator was employed for the 25.00 readings of the l-bromo- 
2 .bdinitmbenzene reactions. and all 40.0' readings taken. 
BQuipment used for this bath was a Sargent Conatant Temp- 
erature Water Bath (Catalog no. 9-84805) equipped with a 
Merourisl Thermoregulator (Catalog No. 5-81840) and a 
Thermaaontraller (Catalog No. 8-81995) which has heating 
aoils of 400 watts, 300 watts, and 250 watts for finer 
oontral of the tempemtare. The water was circulated by 
stirrers to keep the water at a aonetant tsarperaturs in the 
beth. When the temperature of the tap water was in exaese 
of twenty-fire degrees, It was cooled in an lee bath befora 
being intraduoed into the 0011 lneide the bath. 
17 
For the O.1° Centigrade temperature bath, an ice- 
water mixture was constantly stirred in a fiber glass 
insulated bath with ice being added in generous portions 
to keep the temperature constant, 
During the course of the project, the mercury a m  
had to be cleaned periodically to prevent high resistance 
that would cause erroneous readings, Rubber policemen 
were placed over the top of the arms to prevent the mercury 
from falling out while changing the solutions, Apparently 
the sulfnr from the rubber policemen contributed to the 
bad contaots, as what appeared to be mercury sulfide 
distributed itself throughout the arms of the cell, This 
was later avoided by replacing the rubber policemen with 
small pieces of polyethylene tubing which fit directly into 
the arms. To alean the arms, the mercury was discarded and 
dilate nitric acid lrae Introduced and allowed to react until 
the eolution had stopped effervescing, The arms were  washed 
with distilled water and aoetone and allowed to dry by 
placing a small hypodermic needle connected to a vacuum Into 
each arm for at least five minutes. Fresh mere- uas then 
plaoed in the 0011 arms, 
Platinum elaatrodes in an A.C. alrctait a m  mbjeot to 
polarization effects which can be eliminated by a fine 
aoat of platinum black on the electrodes. To plstinize the 
eleotrodes, the cells were oleaned with a solution of sqna 
18 
regia n n t l l  the  electrodes appeared t o  be clean, They were 
then washed thoroughly lrith d i s t i l l e d  water and the c e l l  was 
f i l l e d  with a prepared aqueous solution of 3 per cent chloro- 
p la t in lnc  ac id  which contained a trace (0.02 per cent)  of I 
lead acetate; To electroplate  the platinum black t o  the 
electrodes, two 1.5 vo l t  dry c e l l s  were used w i t h  a rheostat  1 I 
and an ammeter t o  regulate the current t o  a few tenths of an I 
ampere. The current was reversed every t h i r t y  seconds t o  
p l a t e  both electrodes evenly, Following the plating, the c e l l s  
were rinsed seven times with s i x  normal sul fur ic  acid. Fiaally,  
on the l a s t  f i l l i n g  with acid, the c e l l s  were placed i n  the 
d i r ec t  current c i r c u i t  whieh was reversed eve= minute f o r  
t h i r t y  minutes t o  remove any chlorine gases which might be t 
I 
present i n  the electrodes f r o m  the aqua regia o r  plat inizing i 
i 
e o l a t l o ~ .  The ce l l8  were r imed  a t  laast four tlmes with I 
d l s t l l l e d  water and sllolred t o  remain a t  mom temperatme i 
2 
t 
for a t  l e a a t  four hours. Y I 
I 
p e t e - r k ~ s i o n s  -- of c e l l  constants. The c e l l  constant 
I8 a property of a ~ e l l  which is dependent upon the &ma of 
the  electrodes and the diatanae between them, To check 
the reproducibi l i ty  of the s~e t em,  the a e l l  constant was 
- - .  , . .  
l ~ r l n n e l l  Jonee and DomthJ. M. Bollinger, m e  
Measurement of the Conductance of Electrolytes.- V I I ,  On 
P l a t i n i ~ a t i o n , ~  Journal -- of the American Chemical S o ~ i e t ~ ,  
LVII (1935), 283. 
determined both before an8 after the reaction rates were 
rnn in the cells. 
Conductivity water was prepared by redistilling 
distilled water containing a few crystals of potassium 
permangarlate to oxidize any organic matter present and col- 
lecting it while still warm in a polyethylene bottle. The 
water was used to make up solutions of 0.1000 molar potassium 
chloride which was diluted to 0.0100, 0.0050 , and 0.001 mole 
per liter. These salt eolations were also stored in 
polyethylene bottles. 
The cell constant K is given by the equation: K = LB 
- 
where L is the specific conductance of the p 
- 
~articular ions 
present and R is the resistance of the solution. The 
specific conductance is defined as the conductance of the 
material between parallel plates one square centimeter in 
area and one centimeter apart.l 
The meoific conductances for standard potassium 
ohlaride solatione at 25.0' C. are given in 
- 
Table I . ~  
The cells were kept filled with conductivity watar 
both before and after using the aqueous salt solutions and 
had to be rinsed three timas with each concentration before 
olt -. ' 
Chemistry (Prinoeton, New Jersey: D. Van Nostranc 
I C . ,  1960). pp. 429 and 433. 
TABLE I 
THE SPECIFIC CONDUCTANCES OF VARIOUS CONCENTBATIONS 
OF POTASSIUM CHLORIDE AT 2j0 C. 
Concentration of 
Potassium Chloride 
in moles per liter 
Specific 
Conductance in 
mhos per cm, 
using. The cells were filled nith the prepared solntiona 
of potassium chloride beginning with the most dilute and 
were placed in the 25,00 bath, The wire leads were inserted 
into the m e r c a r y  arms and were left until the temperature in 
the eel1 allowed the reading8 to become nearly constant, 
After temperature equilibrium m a  reached, as shown by nearly 
constant readings, ten readings were taken on each of four 
different solutions at each conoentration and the average 
resistnnaes wore used to caloulate the cell constant for 
eaah oell. Since R = 1 / ~  where B is the resistance an8 C 
is the aonduotance, it wae possible to check the conductivity 
bridge soales for repmdnclbllity of these scales. hitti- 
pliaatlon of the values obtained on the scales shomd 
oonsiatsnoy to five parts per ten-thansand uhiah m a  con- 
aidered to be aacumte enough for this stawe 
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Following the determination of the cell constants, the 
volumes of the cells were found so that a constant amount 
of prepared solution might be used in each cell. The 
capacity for cell 1 was 40,O milliliters where cell 2 had 
a capacity of 28.0 milliliters. 
mi 1-chloro-2.4-dlnitrobeneene reaction. In order 
-- 
to become acquainted with the instrument and check the 
reproducibility of Frsnkts work on the conductivity bridge, 
his 1-chlora-2.4-Uinitrobenzene solutions were prepared 
and reacted with piperidine. 
The piperidine solutions were prepared so that ten 
milliliters contained the desired number of moles. The 
l-chlom-2,4-dinitrabellzene m s  prepared so that the 30.0 
milliliters in cell 1 an8 18.0 milliliters in cell 2 con- 
tained the deaired number of moles, 
The number of moles used in both cells uas 0,001 moles 
0.002 moles, and 0.0025 moles which corresponded to 0,0333, 
0,0667, m d  0.0833 moles per liter in cell 1, and 0,0358, 
0,On6, and 0.895 moles per liter in cell 2, The plperidine 
m a  prepared so that twice the number of mole8 of plperidine 
would be present in the 0011 to reaat with the 1-halo-2.4- 
dinitrobenzene in a aeaoncl order reaotion, 
Reagent grade l-chlom-2,4dInltrobenzena was 
reorystallized from ethanol giviag a melting point of go C, 
B c h  solution was prepared by adding the solid reagent to a 
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250 milliliter volumetric flask with approximately 150 
milliliters of 95 per cent ethanol and heated slightly on 
a steam bath to get the solid into solution, The solution 
was cooled to twenty degrees and diluted to the mark, 
Piperidine was weighed ont and placed in a 250 milliliLter 
volumetric flask at twenty degrees and dilute& to the mark 
with ethanol, The solutions of 1-chloro-2.4-dinitrobenzene 
were stored in polyethylene stoppered glass bottles while 
the piperidine solutions were stored in the volumetric 
flasks, 
In making runs, the following procedure was used: To 
the cells were added the proper volumes of 1-chloro-2.4- 
dinitrobenzene solution to 30.0 ml. to cell1 and 18.0 m l ,  
to cell 2, The cells were brought to constant temperature 
at 25.0~ C, A ten milliliter hypodefmic syringe was filled 
with piperidine aolntian and immersed In the bath for at 
least ten minutes, Before immersion, the end of the needle 
m e  fitted with a small piece of plastic tubing to prevent 
water from entering the syringe, The syringe mas then 
removed from the water and wiped dry with an absorbent towel, 
The aolntlon was injected into the aell caremly to avoid 
air bubbles, lrhiah would cauee errors in the first feu 
readinge, A stopmatoh, graduated to one-tenth of a second, 
lrae started a8 the 0011 m a  injected and reading8 Were w e n  
at praaet conductances for times less than one minute at 
25.0' and 40.0" C. The stopwatch m a  used for readings up 
23 
to thirty minutes and a wrist watch was used for longer 
times . 
. . .  ,.. .... .- 
The 1-iodo-2.4-dinitrobenzene reaction. The method 
I  
of Bannett and connerl was used in preparing 1-iodo-2,4- 
dinitmbenzene, In the preparation, 200 m l ,  of N,N'-dimethyl- 
formanide, 150 grams of sodim iodide, and 40.5 grams of 
1-chloro-2.4-dinitrobenzene were refluxed for fifteen minutes 
over a flame, The hot mixture was then poured over ice and 
the brown precipitate rras collected and recrystallized three 
times from 95 per cent ethanol, This procedure was followed 
twice with a result of nearly 75 grams of pure 1-iodo-2.4- 
dinitrobenzene with a melting point range from 86 to 89 
degrees. Bunnett and Conner report 88.5 to 90  degree^.^ An 
An I-B spectrograph m a  ran wlth the 1-iodo-2.4-dinitraben- 
zene as a solid in Nr;zjol wlth no distinct traces of any 
impurities present, The solubility of the above compound in 
95 per cent ethanol at 0,1° C, was determined by ertracting 
a ten milliliter quantity from a saturated solution at that 
temperature and evaporating it to dryness on a steam bath, 
The limiting solability for 1-iodo-2 ,b-dinltrobenzene was 
found to be 0,06 moles per liter which meant that the 
l~unnett and Conner, OJ, &. . 305. 
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solutions had to be made more dilute than the concentrations 
ulsed in preparing the l-~hloro-2,4-dinitroben~en~, 
The S O L U ~ ~ O ~ B  of 1-lodo-2.4-dinitrobenzene were 
prepared to contain 0.00050, 0m00075, and 0,00100 moles per 
volume of each cell, For cell 1, the concentrations were 
OmOI.67, 0,0250, and 0,0333 moles per liter, For cell 2, the 
concentrations were 0,0278, 0,0417, and 0,0556 moles per 
liter. Piperidine was prepared as before using 0,0010, 
0,0015, and 0,0020 moles per ten milliliters. 
The procedure for the reaction was the same as before 
except that much longer times were needed in following the 
reaction due to the reduced concentration and the lower 
reactivity of 1-iodo-2,4-dinitrobmene. The time followed 
dnring the course of a reaction ranged from 13 hours at 
40.0~ to 12 hours at O,lO. In order to obtain some 
consiatance in time followed, each reaction was run at 
least to its half life. A half-life 1s the time it takes 
for half of the initial number of molecules to react, 
At 0,1°, slnca such a long period of time was needed, 
a procedure rrss devised so that the fonr runs made for each 
conoentration might be accomplished in one claym The 
reaotions ware nul fonr times in each oell up to 1% hours 
so that the mador conrere of tha reaotion would not be snbJea 
to slight errors in temperature. For the time d u e s  
hours and above, four solutiona for eaah of two  oells were 
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prepared by ln3ecting the proper pre-cooled piperidine 
solution into a 50 ml. flask containing the corresponding 
solution of 1-iodo-2.4-dinitrobenzene. The injections were 
alternated from the solution of one cell to that of the 
other with intervals of five minutes to allow time todchange 
solutions and obtain the readings. All solutions were 
stored on ice and kept in a refrigerator until they were 
W e n  out, one at a time, and poured into the cell. The 
only times the solntions were not in ice water were when 
they were being transferred from the flask to the cell and 
back. 
At 40.0~, the same procedure as used for the 25.0~ 
reactions was followed except that three readings were 
taken before one minute had elapsed because the reaction 
time m a  much shorter. To help the heating coil balance 
the higher temperature, a jacket of lrrapping Paper was 
used aa Insulation. 
The 
-
reaction. The 
2.4-dinltrobenzene -8 obtained commercially and was not 
examined further but was used directly In making the 
eolutions. The solubility of the compound at 0.1' C. in 
95 per cent ethanol m a  determined in the same manner as 
deecribed in the previous seotion, The limiting solublllty 
m a  found to be 0.107 moles per liter which Is only slightly 
greater than that of the 1-lodo-2.4-dinitrabenzane compound, 
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Solntlana were made t o  be the same caneerrtratiorzs as 
with the previous reaction, r'!-ely, 0.00050 moles, 0,00075 
moles, and 0.00100 moles per voltme of the cdl, The sctnal 
concentrations prepared f o r  c e l l  1 were 0,0167, 0 ~ 0 2 5 0 ,  
0.0333 moles per  l i t e r*  For cell 2, the concentra%ions were 
0,0278, 0,0417, anB 0,0556 moles pes liter, Fresh pfperidine 
#as prepared as before making solntlans up as 0.OCnO mles, 
0,001j moles, and 0,0020 n u b s  per 10 milliliters, The 
reaot ion pras again run a t  O.lO, 2 f j ,0~,  and 40,0O In the  ssme 
manner as aescrfbed abave except that the specid pmcedase 
at O , l o  #as not; used as the reaction took place in a reason- 
able t i m e ,  
The conductance of the solntlon at zero time 5s depen- 
dent npcrn the concentration of the t w o  reac-ts, To 
determine t h i s ,  each of the reactants were placed i n  the c e l l  
separately and di lu ted  with ethanol t o  the desired c e l l  
volume. Since most of the conductance was found t o  be due 
t o  the pipericUne, the zero time conductances were taken 
en t i r e ly  f r o m  the  values obtained from t h e  piperidlne 
eolations, 
The i n f i n i t y  conductances had t o  be obtained after 
aaoh react ion had bean completed. Although, theoret ical ly,  
t h i s  should be taken a f t e r  the maction has gone t o  aomple- 
t ion ,  a value may be obtained a f t e r  a reasonable period of 
several half- l ives have elapsed which are within the range 
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of experimental error. The time range on infinity conductances 
was from a matter of hours to a week depending on concentra- 
tion and temperature, At O.lO, solutions were stored in a 
refrigerator for nearly two weeks for the more dilate 
solutions. At 25.0~ an8 40.0°, solutions were stored in the 
temperature bath for at least two days for the 25.0~ and one 
day for the 40.0~ reactions. Infinity readings were taken on 
several solutions at each concentration and temperature to 
determine an estimate of the error present, At 0.10, soln- 
tlons of the higher concentrations had some crystals present 
I 
which had to be dissolved by heating before introduction into I I 
the oell, This, of course, disturbed the equilibrium which 
varies with temperature, but it was supposed that this error I 
1 
would be within the experimental range. 
Having completed the investigation, the cell constants 1 
I 
were reohecked br using the potassium chloride solations 
deacrlbed above to determine the repraducibilit~ of the 
meaeuremente. 
11. CALCULATIONS 
The velocity of a reaction as stated before is the 
ohange in conoentration of a substance per unit time, This 
uan be expreseed by the derivative: da/dt where do is the 
ohange in eoncentration of one of the maatants and dt is 
the change in time, The reaotion velooity is proportional 
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to the concentrations of the reactants and can be equated 
to these concentrations provided a constant is inserted 
into the relationship. This constant, k, known as the 
specific reaction rate, rate constant, or rate coefficient, 
is numerically equal to the reaction rate when the reactants 
are at unit concentration. The rate constant has the 
dlmensiona of (moles/llter) ~ec-I where n is the order 
of react1on.l The order of a reaction is the number of 
concentration factors which affect the rate, In a second 
order reaction, for example, the rate Is governed by the 
number of atoms or molecules of each substance present if 
two reactants are used and the square of the concentration 
if only one substance is used. Such a reaction is said to 
be blmolecular. 
The reaction between 1-halo-2 ,r)-dinitrobenzene and 
plperidine in 95 per cent ethanol has been found to be of 
second order.3 The reaction proceeds In two steps rlth the 
rate and oriter being determined by the first step, 
b i t h  J. Lelbler, Chemloal Kinetics (New York: 
Mc~rar- ill ~ o o k  Company, Inc. , 195-3-4. 
3 ~ .  F Bunnett and H. D. Crockford, "A Versatile 
Experimant in Reaction Klnetlos for the P k y s l c d  Chemistry 
Laboratory, Journal Chemical Education, XXXII (1956 1, 
556. 
NO2 NO2 
step I. 0 2 ~ @  + B-~3 - O~NQ--DX- 
where X is the halogen substituent. The rate for a reaction 
of this type can be expressed as: 
where x is the concentration of either of the products, 
t is the time during the reaction, 
a is the initial concentration of 1-halo-2,4-dinitro- 
benzene, 
and b is the initial concentration of piperidine, 
It ahoald be noted here that the symbols (a-x) and (b-2x) 
are aimply other forms for the concentrations of the res- 
pmtive reaatants at any time t during the reaction, 
Since moleculas of piperidine are involved in the 
reaction, the mathemstics of the rate equation be simp- 
lified by having the initial ooncentration of piperidine as 
twiae that of the l-halo-2,4-dinitrabenzene, i. a,, to 
have b=2aa Then the above expression becomes: 
Rearranging this equation, one finds: 
which Integrates tor 
where l/a is the constant of integration. The integrated 
equation is now linear and a plot of the concentration (a-x) 
versus time would yield a slope of 2k, 
Since the change in the reactants produces a change in 
the rmmber of ions in the solution, conductivity can be 
employed to measure this change in concentration. The 
conductance of any solution in dependent upon the amount 
and the epeoies of each ion present, The equivalent 
conductance (A) is the quantity which represents the con- 
ducting power of the ions produced by one gram equivalent of 
elaatmlyte par liter of solution and oan be expressed by 
the equation: 
n, - 1000 L/c, 
where L ie the apsoific aondcxatance of the ions present and 
c is the concentration in gmm-equivalents per liter. Since 
the speciflc conductance equals the cell constant (K) multi- 
plied by the aonduat;anca (c) , the above expression becomes : 
L = ~ofl000 = KC 
Kohlrausch, In 1875 found that "at infininite dilution, each 
ion makes a definite contribution toward the equivalent 
conauctance of an electrolyte irrespective of the nature of 
the other ion with which it is associated In the solution,n1 
Therefore, since the equivalent conductance at infinite 
dilutlon is due to each ionic species, it can be shown from 
the above equation that: 
where Cn is the concentration in gram-equivalents per liter 
for each species (n= 1,2,3,----), 
ln is the equivalent ionic conductance for each ion 
(n = 1.2.3,----I, 
K is the cell constant, 
and C is the total conductance of the solution, 
In the reaction between 1-halo-2.4-dinitrobenzene and 
piperidine, the three conductances and their equivalents that 
m a t  be determined are: 
where la the conduatance of the cell at time zero, 
Ct la the conductance of the cell at time t, 
c% is the aonductance of the cell at equilibrium, su soript 1 signifies the conductance of the piperidine, 
subscript 2 signifies the conductance of the product 
2.4-dinitmphenylpiperidine, 
l~laastone and Lewis. 2. a*. Pm 441. 
aubecript 3 signifies the conductance of the product 
piperldinlum, 
and subscript 4 8Ignifie~ the conductance of the product 
halide ion. 
By subtracting Co from both Ct and C, and by a division 
of the proper terms, an e~preseion Is obtained in which the 
cell constant and equivalent ionic conductances are 
eliiminated leaving: 
C t  " Co = x 
- 9  
C,- Co a 
where x Is the product aoncentration and a is the initial 
concentration of 1-halo-2.4-dinitrobenzene reagent, The 
term Ct -cO/C, - Co is a ratio term that expresses the 
change in conductance as a function of the change in 
concentration of the reagents, Solving the above equation 
for x anB substituting into the Integrated rate equation, 
ona obtains: 
Coo -Ct 
showing that the rate of reaction can be determined through 
the measurement of oonductivity. Therefore, a plot of the 
conduotmoe ration C, -c,/c, -Ct against time in mlnutea 
ehould give a line with slope of 2ka and a y-Intercept of 1, 
Sinoe all points are mbjeot.to some experimentd. error, the 
method of leaat squares wae used to find the beat line thraagh 
the plotted A computer was employed to find the 
l~hlgh Young, Statistioal Treatment 
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slopes and y-intercepts for all data, It was programed to 
"readn n as the number of points, "readN an x term folloued 
by a y term, repeat for n number of xta and yts, and obtain 
the desired quantities by mbetitntion into the following 
equations : 
y-intercept = 
slope = 2ka = & t X Y l -  L x  L Y  
n Z x Z  - ( I xIZ 
where x Is the time in minutes, 
y Is the conductance ratio 
n is the number of points, 
The errora In meaenrement 
(c, -co/c, -ct I, 
of the conductance for 
series of four runs was erpreeaed br the use of variance ! 
and the 95 per oent oanfidence interval, Standard devia- 
tion is not reliable when so few reading% are taken as It is 
based on an infinite number of reod1ngs.l When the variance 
and 95 per cent confidsnoe interval are aaed for mall numbers 
of meaeurementa, the m d t s  are nwallr more  reliable, The 
varianoe (em) is related to standard deviation (s) by the 
expression em = s/ a where N is the number of determina- 
tions. Another eatimate of error, the 95 per cent confidenae 
interval (+) 1s eymbolized by a, = w kw, where the nidth of 
the interval (w)  is simply the highest reading a n a s  the 
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lowest reading. The factor,  kw, for  95 per cent confidence 
is  0.89,  0.59, 0.49 and 0.43 fo r  two, three, four and f i ve  
readings, r s s p e e t ~ ~ e l ~ . '  One can see from the values, as 
more readings a r e  taken, the factor becomes less.  For time 
l e e s  than one minute, the er ror  had t o  be expresaed i n  
fsaot ions of a minute because pre-set conductances had t o  
be uaed t o  follow the reaction, However, these fract ions 
of rmmutes were converted into conductance terms by fincling 
the corresponding r a t e  of change i n  conductance per change 
i n  oonductance per change In time. 
The ha l f - l i fe  of a reaction can be defined as the 
time required f o r  one-half of the original number of molecules 
I 
t o  react ,  Mathematically, the half- l i fe  can be determined )I ,
by gnbstitntlng *a f o r  x In the integrated r a t e  equation. C 
? The retmlt  i s r  
& - 9  = * 
where t+ i s  the time required f o r  one h d f - l i f e  period. 
Van't Hoff, i n  1884, showed clear17 the relationship 
between temperature and i t a  ef fec t  on the rate of reaction 
and the  aqullibrlllm T h i s  -8 fmmuhted a few 
la. B. B.n m d  W. H. Mxon, nSimpllfled S ta t l a t i a s  
f o r  Small Numbers of Obse rva t i~na ,~  m~tia C h a i a t r ~ ,  
XXIII ( 1 9 s ) .  636, 
'~hde,  . , ,  p. 410. 
year 
where E is the activation energy in kilocalories, 
T Is the abaolute temperature in degrees Kelvin, 
and R is the gas constant. 
Integrating the above, one finds: 
. - 
where 1nA is the integration conatant. Ueing common 
logarithms, the equation becomest 
For any two rate constants at different temperatures of a 
reaction. the Arrhenlus e~~ression becomes: 
which can be need to find the ectivation energy. The 
aativatlon energy is the nadditionsl snerm the reactant 
molecales mast acquire to form the activated complex for 
the reaction. "l 
By aappoaing that the sqailibriam rrhich exists between 
reaotlng moleonlea and the activated etate decomposes at a 
definite rate, a rate expression can be derived for the 
spe6ifio rate of any reaction, namely: ~ 
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.ater by Arrhenlus into the equationr 
- 
d T = & ,  
-E + Ira, lrlk = 
RT 
. . 
log k = -E + log A 
2.303 RT 
- 
E log (k2/kl) = T2'T1 m w o  
l~las~tona and Lewis. 2, cite. p. 632. 
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RT 
k = -  K* * 
Nh 
where N is Avogadrog s number, 
h is Plank's constant, 
and K* is the equilibrium constant between the activated 
state and the reactants, 
From thermodynamics: 
K* - e S*/R .-EC/RT P 
where S* 1s the change In entropy of the system 
and EY) is the energy of' activation for the activated 
aomplexes . 
Substituting for K* in the above squatlon, one finds: 
= / e-P/m 
h1.I 
which can be changed into the expression: 
log k .. S* - E+ = log " 
2',303 2*303RT h?l * t 
I 
which may be 801ved for S* to determine the change In entropy 
1 for the sjutem. p 
I  
, 
lIbid., pp. 632-633. I 
TABLE I1 
AVERAGE CONDUCTANCES AND CONIXTCTIVITY R A T I O S  AT GIVEN TIMES: 
0.0010 MOLES OF 1-CKLORO-2, 4 - D I N I T R O B E N Z ~ E  I N  
CEU 1 AT 2 5 . 0 ~  C 
a Aversee Ct - 8 95 per cent Cao- Co 
T i m e  i n  i n  confidence 
Minu t e a  mlcromhoa interval  C, - C t  
a Cb = 5.95 micromhoe ~ h s s e  valuee are 
calculated from 
C, = 365.8 mlcromhoa errore i n  time. 
TABLE I11 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.0020 MOLES OF 1-CHLORO-2, 4-DINITRoBENZENE IN 
C m  1 AT 25.0' C 
a 
Average Ct - B 95 per cent  
Tima i n  i n  confidence b- co 
Minutes m i  cromhoa fi i n t e r v a l  Coo - Ct 
a C, . 8.20 micromhos These value. are 
calculated from 
C, = 620.1 mlcromhos errors i n  time. 
TABLE I37 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEIT TIMES: 
0.0025 MOLES OF l-CHLOR0-2,4-DINITROBENZENE I N  
CELL 1 AT 25.0' C 
a Average Ct - 8 95 per cent  C,- Co 
Time in in m confidence Minutes m i  cromhos Interval C,- C t  
(I Co = 7.32 micromhoa These value8 are 
calculated from 
Cao = 730.9 micromhoa e r r o r s  In time. 
TABLE V 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:  
0.0010 MOLES OF 1-CHLORO-2,4-DINITROBENZENE IN 
CELL 2 AT 25.0' C 
8 A v e r a p  Ct - B 95 p e r  cent  
Time i n  i n  confidence C m -  Co 
Minute6 mlcromhos fl i n t e r n a l  Cm- Ct 
a C, = 64.9 mlcromhoa Theee values are 
ca lcu la ted  from 
C, = 5,747 micmmhos e r r o r e  I n  time. 
TABLE V I  
AVERAGE CONDUCTANCES AND COPJDUCTIVITY RATIOS AT GIVEN TIMES: 
0.0020 MOLES OF l-C~LORO-2,4-DINITROBENZENE I N  
CELL 2 AT 25.0° C 
a Averace Ct - B 95 per cent 
In 
cm - co 
Time In tm confidence Mlnutse mlcromhoe interval Cm - Ct 
8 C, = 122 micmmhoe Theea valuea are 
calculated f r o m  
C, = 9,598 mioromhoe e r ~ o r e  In time. 
TABLE VII 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TRIIES: 
0.0025 MOLES OF 1-CHLORO-2,4-DIMITROBENZ'ENE IN 
CELL 2 AT 2 5 . 0 ~  C 
a 
Avera~e  Ct B - 95 per cent C,- C, 
Time In In a- confidence Minutea micromhos Interval C ~ -  Ct
a C, - 89.5 mlcromhos These value8 am 
calculated from 
Coo = 11,200 mlcromhos errors i n  time. 
TABLE V I I I  
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.00050 MOLES OF 1-IOW-2, 4 - D I N I T R O B E N Z E ~ E  I N  
CELL 1 AT O.1° C 
a 
8 A v e r a e e C t  - 95 per cent Cm- C, 
T i m e  in in m confidence Minutes micromhos i n t e rva l  Coo- Ct 
a Co = 2.31 m i c r o m h o s  
C, - 166.2 micmmhos 
TABLE IX 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES : 
0.00075 MOLES OF 1-IOm-2, ~DINITRoBE~IzENE I N  
CELL 1 AT O.1° C 
a Averap Ct - 8 95 per cent 
In conf ldence cm - co Time In 
Minutea micromhoe interval JF Coo - C t  
8 C, = 2.40 micromhos 
C, = 213.4 micromhos 
TABLE X 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.00100 MOLES OF l - I O D O - 2 , 4 - D I N I T R O B ~ ~  I N  
C E U  1 AT O.1° C 
a 
Averape Ct - B 95 per cent 
Time in i n  confidence 
c,- co 
Minutea micromhos fl Interval Cm- Ct 
TABLE XI 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES : 
0.00050 MOLES OF 1-IODO-2s4-DINITROBENZENE IN 
CELL 1 AT 25.0' C 
a 
Average Ct - 8 95 per cent C,- Co 
Time i n  i n  fi confidence Minutes micromhos Interval C,- C t  
a C, = 3.94 mlaromhoe Thsee values are 
calculated f r o m  
C, = 282.7 micromhos errors i n  time. 
TABLE XI1 
AVERAGE CONDUCTABTCES AND CONDUCTIVITY RATIOS AT GIVEN TIMEB: 
0.00075 MOLES OF 1-IODO-2, ~ D I W I T R O B E R Z E m E  I N  
CELL 1 AT 25.00 C 
a Averape Ct - a 95 per cent 
Time In i n  confidence cao - co 
Minutes micromhos interval  Coo- Ct m 
(I C, = 5.08 micromhos These values are 
calculated f r o m  
C, = 382.2 mlcromhos errore i n  time. 
TABLE XI11 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEM TIMES: 
0.00100 MOLE3 OF ~-IOX~-~,~-DINITROBEUZENE I  
CELL 1 AT 25. o0 C 
a Average Ct - 8 95 per cent 
Time In i n  confidence coo- co 
Kinutee mlcromhos interval  Coo- Ct F 
a Cb = 5.95 micromhos These raluee are 
calculated from 
Coo = 487.0 rnicromhoe errore i n  time. 
TABLE XIV 
AVERAGE CONDUCTAV- CES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.00050 MOLES OF 1-IODO-2,bDIMITROBmZE!TE I N  
CELL 1 AT 40.00 C 
a Average Ct - s 95 per cent 
In confidence coo- Co Time In 
Minutes mlcromhos interval Coo ' Ct fl 
a C, = 5.12 mlcromhos These values are 
calculated from 
C,, = 352.2 mlcmmhos errors in time. 
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TABLE XVI 
AVERAGE CONDUCTANCE3 AND CONDUCTIVITY RATIOS AT GIVEN TIMES : 
0.00100 MOLES OF 1-IODO-2, 4-DINITROB~ZENE I N  
CELL 1 AT 40.0° C 
Average Ct B a 
- 95 per cent 
Time In In conf 1 dence coo - Co 
Minutea mlcromhoa fi interval Coo ' Ct 
0.28 20.0 0 . 20b 0.42 1.023 
0.43 25.0 0.16b 0.34 1.032 
0.60 30.0 0.12 0.25 1.041 
1.00 42.5 0.20 0.44 1.064 
1.50 56.8 0.08 0.19 1. 091 P 
2.00 70.2 0.14 Om29 1,118 2 r 
2.50 82.9 0.16 0.34 1.145 C L 
3.00 94.9 0.22 0.49 1.171 
3.50 104.4 0.34 0. 73 1.198 > 
4.00 117.1 0.38 0.78 1,224 1: 
4.50 127.4 0.45 0.98 1. 250 : 
5.00 137.2 0.48 1.08 1,276 
7.00 172.5 0.77 1. 57 1.378 
10 . 00 216.2 0.86 1.91 1. 530 i 
15.00 272.0 1.07 2.26 1.782 ! 8 
20 00 313.7 1.18 2.50 2.216 
30.00 373.7 1. 35 2. e5 2.532 
60.00 465.3 1-44 3.29 4.133 
QO • OO 504.7 2.13 3.95 5.654 
a C, = 6.36 micromhos Theee value8 are 
calculated from 
C, = 611.8 micromhos errore in time. 
a. 3.4 q s g ;  
#.J a 
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TABLE X V I I I  
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIO3 AT GIVEN TIMES: 
0.00075 MOLES OF ~ - I O D O - ~ , ~ - D I N I T R O B ~ Z ~  IN 
CELL 2 AT O.1° C 
a Average Ct - e 95 per cent 
Time In In confidence coo- Co 
Minutee micromhoe interval Coo' Ct fl 
0.50 44.20 0.45 0.90 1.003 
1.00 49.66 0.58 1.18 1.005 
3.00 69.16 0.89 1.03 1,010 
5.00 87.53 0.73 1.36 1.016 
7.00 106.7 0.74 1.56 1.022 
134.0 0.82 1.86 1.031 ! ~ 0 . 0 0  I 
15.00 178.1 0.87 2.01 1.045 i 
20.00 220.5 1.09 2.25 1.059 . 
25.00 261.2 1.12 2.40 1.073 k 
30.00 302.3 0.25 1-06 1.088 < 
60. @O 521.0 3.56 6.20 1.172 t I 
3.38 7034 1.253 QO. @O 703.2 
1.346 
1 
120.00 886.5 2.82 5.00 
1,165.6 3,66 8.00 1.518 180.00 : 
2.70 4.65 1.697 240.00 1,394.0 
300. CO 1,570.2 6.74 14.16 1.827 
420. @O 1,849.0 6.36 14.04 2.210 
600.00 2,144.2 3.82 15-67 2.752 
720.00 2,278.0 6.70 14,69 3.006 
a C, = 34 .n  mlcmmhos 
C, = 3,348 micramhas 
- 


TABLE XXI 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.00075 MOLES OF 1-IODO-2,4-DINITROBENZEPJE IN 
C E U  2 AT 25.0~ C 
a 
Avorag@ Ct - 8 95 per cent C,- Co 
Time i n  In JFr confidence Nlnute 8 micromhos interval C o o -  Ct 
8 C, = 71.43 mieromhos Them valuse are 
calculated from 
C, = 5,944 mlcromhos errore i n  time. 
TABLE XXII 
AVERAGE CONDUCTANCES AND CONmCTIVITP RATIOS AT GIVEN TIMES: 
0.00100 MOLES OF 1-IODO-2,4-DINITROBENZE3E IN 
CELL 2 AT 2 5 . 0 ~  C 
8 a Average Ct - 95 per cent  
Time i n  i n  confidence coo ' co 
Minutee ~micromhoa Interval Coo - Ct 
a C, - 84.10 mleromhos Theee values a m  
calculated  from 
C, = 7,264 micromhoa e r r o r e  in time. 
TABLE XXIII 
AVERAGE CCNWCTAISCES AND C@NmCTIVITY RATIOS AT GIVEN TIMES: 
0.00050 MOLES OF 1-IODO-2,  ~-DINITRoBE~zEX'?E IN 
CELL 2 AT 40.0~ C 
a 
Average Ct - 8 95 per cent  C,- Co 
Time i n  i n  f l  confidence 
Minutee micromhos i n t e r v a l  c,- ct 
Theee valuee a m  
ca lcu la ted  from - - -~ 
C, = 5,361 micromh08 e r r o r e  in time. 
TABLE XXIV 
AVERAGE CONDUCTANCES AND CONmCTIVITY RATIOS AT GIVEM TIMES: 
0.00075 MOLES OF ~ - I O ~ - ~ , & D I N I T R O B E N Z E N E  I N  
CELL 2 AT 4 0 . 0 ~  C 
a Averace Ct - a 95 per cent 
I n  conf ldence c, - co Time i n  
Minutee rnicromhoe interval Coo' Ct Ji- 
a C, = 79.00 micromhoa These values are 
calculated from 
C, = 7,323 micramhos errors in t i m e ,  
TABLE XXV 
AVERAGE COHDUCTANCES AND CONIXJCTfVITY RATIOS AT GIVER TIMES: 
0.00100 MOLES OF 1 - I O m - 2 ,  ~ - D I N I T R o B ~ D ? z ~ ~ J E  I N  
CELL 2 AT 40.0° C 
a 
8 AreraeeCt - 95 per cent 
i n  confidence c, - co Time i n  
Minutee micromhoa rn interval 
a 
Co = 98,54 mioromhos Theae value8 are calculated from 
C, = 9 ,220  micmmhoe errore i n  time. 
TABLE XXVI 
0.00050 MOLES OF 1 - B R O M O - ~ , ~ D I N I T R O B E N Z E N E  I N  
CELL 1 AT O.1° C 
a 
Averape Ct - 6 95 per cent C,- Co 
Time In i n  a- confidence Minutea micromhoe interval Coo- Ct 
a 
Co = 2.31 micromhos 
C, = 140.48 micromhos 
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TABLE XXVII 
AVERAGE CONDUCTAMCES AND CONIXJCTIVITY RATIOS AT GIVEn TIMES: 
0,00075 MOLES OF 1 - B R O M O - ~ , ~ D I N I T R o B E N Z E N E  IN 
CELL 1 AT 0,1° C 
a Averap Ct - B 95 per cent 
in confidence C a -  co Time in 
Minutes micromhos fl Interval C m -  Ct 
C = 2.40 mlcromhos 
0 
C, = 194.85 mlcromhos 
TABLE XXVIII 
AVERAGE CONDUCTANCES AND CONmCTf VITY RATIOS AT GIVEN TIMES : 
0.00100 MOLES OF 1-BROMO-2, ~DINITROBE'ZENE I N  
CELL 1 AT O.1° C 
a 
Averace Ct - I 95 per cent C,- C, 
Time i n  i n  a confidence Minutea micromhoa interval Coo - C t  
TABLE XXIX 
AVERAGE CONDUCTANCES AND CO~~CT~I!l'Y RATIOS AT GIVEN TIMES: 
0,00050 MOLES OF 1-BROMO-2, 4-D~NITROBENZENE IN 
CELL 1 AT 25.0~ C 
a 
Averace Ct - I 95 per cent 
conf ldence Coo' co Time In In 
Minutee mlcromhos interval a Cw - Ct 
a C, = 5.12 micmmhos Theee values are 
calculated from 
C, = 242.33 mlcromhoe error8 In time. 
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TABLE XXX 
AVERAGE CONDUCTANCES AND COMIXJCTIVIm RATIOS AT G I m  TIMES: 
0.00075 MOLES OF ~ - B R O M O - ~ , ~ D I N I T R O B E ~ Z E N E  IN 
CELL 1 AT 2 5 . 0 ~  C 
8 a Average Ct - 95 per cent C,- Co 
Time in i n  m confidence Minutee micromhos interval coo- Ct 
a C, 1 5.08 microrhos Theees values are 
calculated from 
C, 333.4 mlcmmhoe errore in time. 
TABLE XXXI 
AVERAGE CONWCTAMCES AND C@MDUCTfVITY RATIOS AT GIVEN TIMES: 
0 00100 MOLES OF 1-BROKO-2, 4-DINITRCBENZENE I N  
C E U  1 AT 25.0° C 
a Averap Ct - 6 95 per cent 
confidence c,- co Time in In fl C,- Ct 
Minutes mlcromhoe interval 
a C, = 5.95 mlcromhos These values are 
calculated from 
C, = 416.5 mlcromhos errore in time. 
TABLE XXXII 
AVERAGE CONDUCTANCES AND CONDUCTIWI"T RATIOS AT GIVER TIMES: 
0 00050 MOLES OF 1-BROMO- 2, &DINITROBENZE?JE I N  
CELL 1 AT 4 0 . 0 ~  C 
0 a Averape Ct - 95 per cent 
Time in In confidence coo- Co 
Minutes micromhos interval  Cm - Ct JF 
a C, = 5.12 mlcramhos mess values a m  
calculated from 
C, = 311.8 micromhoe errors i n  time. 
TABLE XXXIII 
AVERAGE CONDUCTANCES AND CONmTCTIVITY RATIOS AT GIVEN TIMES: 
0 00075 MOLES OF 1-BROMO-2, ~-DINITROBENZENE IN 
CELL 1 AT 40.0' C 
a 
Average Ct B - 95 per cent C,- Co 
Time in i n  fl confidence Minutee micromhoe Interval Coo- Ct 
a 
* 5.39 mlcromhos These value8 a m  
calculeted from 
C, = 425.0 mlcmmhaa errors In time. 
TABLE XXXIV 
AVERAGE CONDUCTAMCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES:  
0.00100 MOLES O F  1-BROMO-2, ~DINITROBENZEME f N 
CELL 1 AT 40.0' C 
a Averace Ct - B 95 per cent 
Time in In confidence coo - Co 
Minutee mi cromhoe rn interval Cm- Ct 
a (%I = 6.36 mlcromhoa Theee values are calculated from 
C, = 538.1 micromhoe e r r o r s  In time. 
TABLE XXXV 
AVERAGE CONDUCTANCES AND CONIXJCTIVITY RATIOS AT GIVEm TIMES: 
0.00050 MOLES OF 1-BROMO-2, ~-DINITROBENZEME IN 
CEL,L, 2 AT 0.1' C 
a 
Average Ct - 8 95 per cent C, - Co 
Time i n  i n  Ja confidence Minutes m i  cramhoe interval C,- Ct 
TABLE XXXVI 
AVERAGE CONDUCTANCES AND CO3DUCTIVI!FY RATIOS AT GIVEM TIMES: 
0.00075 MOLES OF 1-BROMO-2,4-DIMITROBENZENE IN 
CELL, 2 AT 0.1' C 
a  Averaee Ct - a 95 per cent Coo- Co 
Time in in rn confidence Minutes mi cramhoe in te rva l  Cm- Ct 
d C, 1 34.77 mlcromhos 
C, = 2, QQ2 mlcromhoe ~ 
TABLE XXXVII 
AVERAGE CONWCTAmCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0,00100 MOLES OF l -BROMO-2,~-DINITROBEE-T~lE IN 
CELL 2 AT 0. lo C 
a 
Average Ct - s 95 per cent Cao - Cb 
T i m e  i n  in Jm confidence Minutee micromhos Interval ca,- ct 
a Co = 44.17 micramhoe 
C, = 3,779.5 micmmhos 
TABLE XXXVIII 
AVERAGE CONDUCTANCES AND CONIXTCTIVITY RATIOS AT GIVEN TIMES: 
0 . 00050 MOLES OF 1-BROMO-2, 4-DINITRoBENzENE IN 
C E U  2 AT 25.0' C 
8 A v e r a ~ e  Ct - 8 95 per cent C,- C, 
Time in In m confidence Plinutee micromhos Interval Coo ' Ct 
oeo 
0.88 
8 C, = 58.65 miemmhos Ths~e values a m  
calculated from 
C, = 6.273 mlcmmhos ermre i n  time. 
TABLE XXXIX 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.00075 MOLES OF 1-BROMO-2, 4-DIHITROBENZE~E IN 
CELL 2 AT 25.0' C 
8 Averace Ct - I 95 per cent Cdo - CO 
T i m e  I n  In Jm confidence Minutes mlcromhoe interval Cooo Ct 
a C, = 7l .43 rnlcromhos These values a m  
calcnlated from 
C, = 6,273 mleromhos errore i n  time. 
TABLE XL 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIES: 
0.00100 MOLES OF 1-BROl4O-2, 4-DINITROBENZENE IN 
CELL 2 AT 25.0' C 
a 
Average Ct - B 95 per cent Coo- Co 
Time i n  i n  confidence 
Minutee micromhoe Interval Cm- Ct 
R C, = 84.10 mlcmmhos These values are 
calculated f r o m  
C, = 6,273 mloromhos errors i n  time, 
TABLE XLI 
AVERAGE CONDUCTANCES AED COMlXJCTIVI!IY RATIOS AT GIVEN TIMES: 
0.00050 MOLES OF l-BROM0-2,4-DINITROBENzfi!E Im 
CELL 2 AT 40.0' C 
a Average Ct - I 95 per cent 
T i m e  In in confidence c, - c* 
mnutee mlcromhoe rn interval  Cm- Ct 
8 C, = 82.39 mlcromhos ~ h e s e  values a m  
calculated from 
Cm = 4,670 m1crotnho~ errore In time. 
TABLE XLII 
AVERAGE CONDUCTANCES AND CONDUCTIVITY RATIOS AT GIVEN TIMES: 
0.00075 MOLES OF l-BROM0-2,J+-DINITROBENZEmE IN 
CELL 2 AT 40.0~ C 
a 
Averap Ct - I 95 per cent C&- C, 
Time in in fl confidence Minutea micromhos interval Coo- Ct 
a C, = 79.00 mlemmho8 These value8 a m  
calculated from 
C, = 6,245 micromhos errors in time, 
TABLE X L I I I  
AVERAGE CONDUCTANCES AMD CONIXJCTIVITY RATIOS AT GIVEN TIMES: 
0.00100 MOLES OF l-BROM0-2,~-DINITROBENZEmE IN 
CELL, 2 AT 40.0' C 
a Average Ct - 8 95 per cent Em- C, 
Tlme In In m conf ldence Minutes micromhoe interval Cm - Ct 
a 
= 98.54 mlcmmhoa These values are 
calculated from 
C, = 8,129 mioromhoe errors In time. 
Keg 
0.0025 14olee 
Time i n  minutes  
F i q u r e  1. I n c r e a a e  i n  conductance r a t i o  wi th  t ime:  
1-chlom-2,4-dinltrobenzene i n  c e l l  1 a t  2 5 . 0 ~  Cent ierade.  
Time i n  minutee 
Flp-ure 2. Inc reaee  i n  conductance r a t i o  .with t ime: 
1-chloro-2,4-dinitrobenzene I n  c e l l  2 a t  2 5 . 0 ~  Centierade. 
Time i n  minutee 
F l p ~ r e  3. Inc rease  i n  conductance r a t i o  with time: 
1-iodo-2.4-dinitrobenzene i n  c e l l  1 a t  O.1° Centierade. 
Time  i n  minutes 
F i q u r e  4. Increase i n  conductance r a t i o  with time: 
1-lodo-2,4-dinitrobenzene In c e l l  1 a t  25.0~ Centicrade. 
6 10 16 20 
Time i n  minutee 
F i p u r e  5. I n c r e a a e  i n  conductance r a t i o  with t i n e :  
1-lodo-2,4-dinitrobenzene i n  c e l l  1 a t  4 0 . 0 ~  Centiprade.  
Time i n  minutes  
F i p t r e  6. Increase i n  conductance r a t i o  w i t h  time: 
1-10d0-2,4-din1tr0benzene i n  c e l l  2 a t  0. lo Centierade.  
Time i n  minutes  
F i e u r e  7. I n c r e a e e  i n  conductance r a t i o  wi th  t ime: 
1-iodo-2,4-dlnitrobenzene i n  cell 2 a t  25.0~ C e n t i p e d e .  
Time i n  minutes  
F l q u r e  8. I n c r e a s e  i n  conductance ratio with time: 
1-iodo-2,4=dlnitrobenzene i n  c e l l  2 a t  40.0~ Centierade.  
Time I n  minutes  
F i ~ r e  9.  I n c r e a e e  In  conductance r a t l o  wi th  time: 
1-bromo-2,4dini trobenzene i n  c e l l  1 a t  O.1° C e n t i ~ r a d e .  
Time i n  minutes  
F i q u r e  10. I n c r e a s e  i n  conductance r a t i o  w i t h  t ime: 
1-bromo-2,4-dlnitrobenzene i n  c e l l  1 a t  25.0~ C e n t i ~ r a d e .  
Time i n  minutee 
Flpure 11. I n c r e a s e  i n  conductance r a t i o  w i t h  time: 
1-brorno-2,4-dlnitrobenzene i n  c e l l  1 a t  40. o0 Centigrade.  
Time i n  mlnutee 
Flqure 12. I n c r e a s e  i n  conductance ratio with t ime:  
1-bromo-2,4-dlnitrobenzene i n  c e l l  2 a t  0.1' Centierade. 
Time I n  minute8 
Fiqure 13. I n c r e a e e  i n  conductance r a t i o  w i t h  time: 
1-bromo-2,4-dlni trobenzene i n  c e l l  2 a t  25.0~ Centiprade.  
5 
Time i n  minutes 
F ipure  14.  Increase  i n  conductance r a t i o  w i t h  time: 
1-brorno-2,4-dinitrobenzene i n  c e l l  2 a t  40,0° Cent1,gade. 
CONCLUSIONS AND DISCUSSIONS 
& t e r & a t i o n  -- of Cell Conatants. The reproduciblllty 
of c e l l s  1 and 2 a r e  l i s t e d  i n  Table XLTV, The cleviation 
which was found l imi ted  the accuracy of the measurements to  
four  significant figures. 
TABLE XLIV 
REPBOmCIBILITY OF CELL 1 AND CZLC 26AT 
VARIOUS CONCENTRATIONS OF  KC^ AT 25.0 c 
KC1 concentration Cell 1 Cell 2 
i n  moles per l i t e r  Cell Resistance Cell Resistance 
Constaft of c e l l  Constapt of ce l l  
In cm' i n  ohms i n  cm' i n  ohms 
The change i n  a e l l  constantts w i t h  change i n  conaen- 
t f l t i o n  was thought t o  be due t o  preparation of the standard 
s o l a t l o n ~ .  Three dif ferent  solutions were prepared and the 
same resalt8 were obtained. The deviations for  both ce l l s  
were q u i t e  oanaiatant meaning that  the o e U  aonstant was 
r e l i a b l e  and repmduoibla both before and after the meamre- 
msnt of the  reaat ion  ratea. No attempt was made t o  oheok 
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reproducibility between measurements of the iodo and bmmo 
reactions, thus, the change In the cell constant is an 
overall effect, Since the deviation is 80 small, the error 
between runs could not be any greater, The measurements 
made after the completion of the reactions were consistantly 
higher far cell 1 and conelstantly lower for cell 2. Since 
the errors were small, 'they probably are caused by experi- 
mental determinations. At any rate, since the cells were 
reproducible, work was started on the determination of 
reaotlon rates, This imlved, as stated before, a meamre- 
ment of the change In cell conductance wlth time, determina- 
tion of the conductivity ratio, finding the slope of the 
linear relationship between the conductivity ratio and time 
and the ~alues for the rate conslx%nts, 
The A-ohloro-Z,-uinitrobenzene reaction, This 
-
reaotian wns oarrled out to cheok the equipment end to 
relate thin study  to that of Charlea 0 ,  M. The data 
obtained for the reaotion at 25.0' C can be fomd in Tables 
11 through VII m d  In Flguran 1 and 2, The eonductlvlt~ 
ration and recorded tlmes were plotted and the slopes of 
the llnae, 7-lntsroepts, rate oonstants, and half-lives 
were raoorded in Table XLV. 
TABLE 10;V 
SLOPES, Y- INTERCIPTS , RATE CONSTANTS, AND HALF-LIVES 
OF THE CHLORO REACTION AT 25, O0 C 
Moles of 2.4 Cell 1 
dini t rochloro-  
benzene i n  40.0 slope y-Intercept k ( l i t e r  mo e'l t 
ml. c a l l  volume minute-' ) (Mndes)  
Concentration 
i n  moles/28 ml. 
c e l l  volume 
Cell 2 
Rankl obtained the r a t e  constant of 1.7W12.080 l i t e r  
mole-' minute-' as compared w l t h  1.6862.084 l i t e r  mole-' 
f o r  t h i s  stuQ. The values were conaistantly lower 
i n  this work bu t  e t i l l  were within the range of Frank's work. 
The r e s u l t s  of t h l e  compariaon shows tha t  the measurement of 
r eac t ion  r a t e  by a hange i n  conduatance, as opposed to a 
ahange i n  reais tanaa,  is a t  l e a s t  aomparable. Since a l l  
rea la tanaa  measurement8 m a t  be changed in to  conduotance fo r  
'Frank, OJ. . p. 62. 
use In the conduotance ratio, it 1s obvious that the con- 
ductance measurement is more convenient, It was found that 
In a conductivity measurement that the variance increased 
with an increase in conductance. This is a reverse from 
what was found in the resistance study where the variance 
deareased with decreasing resistance. However, if one looks 
at the error in parts per thousand, similar resalts are 
obtained in both meamrements, namely, the precision of the 
memgnmmant become8 greater as the reaction slows down 
whether resietance or conductance is nsed to obtrain the 
~ 8 3 ~ ~ 8 .  
Unforttmmtely , the individual conductance ratios 
obtained from the data are not comparable because slightly 
different concantratlona were nsed in the two studies. 
However, r comparison cran be mads, aa is done in Table XLVI, 
beturnen the infinity condaotancea at different concentrations. 
A almllar comparlson should exist between the conoentrations 
of the plpsridlne solutions but discrepencias in Frankf s 
dnta did not pennit the  omp pa ria on. 
The aomparkaon of the infinity condnctanoea shows the 
oonaiatancy of both meaourementa by the alose agreement of 
the vrrlaes. ma greater aonalatancy in the infinity values 
obtained by this etndy seem to indieate that these values a n  
taken aloner to the eqorilibrlnm point, 
TABLE XLVI 
RATIOS OF THE INFINIW CONDUCTANCES FOB DIFFEBENT 
CONCENTRATIONS OF l-CHLO~O-2,4-DINITROBENZENE 
AT 25.0 C 
Conaentratlon 
ratio in moles This BtuBg 
per cell volume Cell 1 Cell 2 
Work citedA 
Cell 3 Cell A 
Since the RC-18 conductivity bridge has a limit of 
11,111 mlcromhos, w e  must be taken to insure the condact- 
ances remain lrithln the limlt, The chloro reaction reached 
10,200 mlaromhos at 0.0025 moles per volame of cell 2 at 25'.
me &-m-2,-4=$Un&trobsnzeno reaction, Since the 
ralaea were In agrsement, It seemad poeslble that the other 
No-mbetltuted dinltrabanzenea might give rasation 
oonstants in the same way. The data obtained on the reaction 
between 1-lodo-2, bdinltrobanlcsne and piperidhe is recorded 
in Tablea VIII throngh 30CV and Figarea 3 through 8- The 
conduatanoa range for all aonaentrations and temperatures 
m a  appraximsteljr 600 miammhos for as11 1 and 9,100 
11b14. , pp. 32-35 r 41-43. 
micromhos for cell 2. Due to the more dilute solntione, the 
conductances were not as high as those obtained from the 
chloro reaction. The errors in the individual measurements 
showed that, generally, the errors increased with increasing 
temperature and concentration. This again is misleading as 
the error In parts per thousand was less for the higher 
temperatures and concentrations. It may be noted that the 
errors at 0,1° C were much lower than other data showing 
that the special procedure followed at the lower temperature 
has some merit as an aid for very elow reactions or very 
dilute concentrations. 
The Increase In conduotance wlth temperature was 
expected beeauae of the Increased energy of the system. The 
Increaeea concentratlon of product showed an increase in 
aonductanoe with tima due to the grolring amounts of 
p1perldinlu.m halide In the aolntlon. 
To show that the M ~ ~ U C ~ M C O  ratio CoD -c0/ Cco ''t 
would not be afieoted by tempefatum, the ratio of the 
condaotanaam at zero time and Infinite time for the high 
and low temperatures were made and the values appear in 
Table XLVII, Agrln theme vslaee could be used to approxi- 
mate the equilibrium point of the areaation at any temperature. 
TABLE XLVII 
R A T I O  OF THE CONDUCTANCES FOB THE IODO 
RJMCTION AT 40.0° C t o  O.1° C 
Concentration 
of p ipe r ld lne  Cell 1 Cell 2 
In moles / l i t e r  C,/Co c /C C o / C ~  C /C 
Frank found aimilar r e sa l t s  with h i s  work on the 
chloro homolog. The relatlonshlp between the conductances 
i n d i c a t e s  t h a t  the  temperature effect  on the conductance 
was l i n e a r  and did not a f f e c t  the conductivity r a t i o  
C - c ~ / c  - C t  as a l l  values increased wl th  temperature. A n  
attempt was mnde t o  detemlne the relatlonshlp of Ct w i t h  
temperature but the  reealte were not l inear  due t o  the  
chnnge In r a r c t l on  r r t a  a t  the  elevated temperatures. 
one c m  see t h a t  as C t  lnorsasea, C - Ct decruasee making 
the aonduotanoe r a t i o  increase w i t h  time. A plot  of the 
conduatanea r a t i o  versus time ahwa a l inear  relationship 
whloh has a alope of 2km oad a ;I-Intercept of 1, Table 
XLVIII l i a t s  the slopes and y-lnteraapta f a r  the three 
temperatures employed f o r  the l-i0d0-2,4-dinitr0benzen~ re- 
a c t i o n  with plperidine.  
TABLE 
SLOPES AMD 'Y-INTERCEPTS OF CONDUCTANCE FOR Tm 
~-IODO-~,~-DINITROBENZEEJE REACTION AT VARIOUS 
CONCENTRATIONS AND TEMPERATURES 
Moles o f  iodo 
f 0 ~ 4 0 , 0  a. -intercept 
cell volume O m l U C  'I0- 25 c 0 2 5 O C  40Vc 
Cell 1 
Concentration 
i n  moles/28 ml, 
cell volume 
Cell 1 
m - Theue values hnva been revised by reject lo^ 
o f  one conductance figure. 
Tha J-intsraept valaae, have errore up to  twenty plnrts 
per thoaeand trhlah indicataa a -mum of three place 
sooranor In the slapa of the l i n e .  The rejection of the 
pointa described above m s  based on the deviation of the Y- 
interospt  from i t 8  actual  M u a  of 1.000. These points. 
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being toward the end of the reaction, Influenced the y-intercept 
b e c a u ~ e  their values were sometimes twice as large as earller 
points. For example, a point was rejected at sixty minutes 
where the previous point was taken at thirty minutes. To 
avoid this re3ection, more points should have been made be- 
tween thirty and sixty minutes to lessen the effect of the 
last point with its large Influence on the slope. 
From the elopes of the conductance curves, the 
specific rate constants and half-lives may be calculated. 
The specific rate constant (k) may be found by dividing the 
slops by 2a where a is the concentration in mole liter-l. 
The half-life is the reciprocal of the alope. The rate 
constante and half-lives for the 1-iodo-2,4-dinltrobenzene 
and plperidlne raaotian are calculated and listed In 
Table XLIX. 
The average rate constants for both cells at O.lOc, 
25,0°~, and 40.0'~ are 0.0558, 0.3598, and 1.007 liter 
mole" minute-l, respectively. There is no literature with 
uhlah these remilts might be aompared. It would be interest- 
incg to see if the same m8ults would be obtained throngh a 
a h e m i d  or spectrophotometrlc analysis. 
The half-llvee rsoorded are equal to the conduotancc 
ratio when the ratio haa the value of 2.00. Very alose 
agreement with these oalnea lndicatea the reliability of 
the meamremanta, 
TABLE XLIX 
SPECIFIC IUTE CONSTANTS AND HALF-LIVES OF THE 1-1OM)-2, 
4-DINITROBENZENE REACTION AT VARIOUS 
CONCENTRATIONS AND TEMPERATURES 
~ o l e s  of iodo k (liter mole-' t+ (minutes) 
for 40.0  m l .  minuteg1) 
c e l l  volume 0 . l 0 ~  2 5 ' ~  40'~ o.l0c 2 5 O c  4ooc 
Cell 1 
0, O O O j O  00583 ,3800 0,960 685.87 105.27 41.67 
Conaentration 
in moles/28 ni l .  
ce l l  volume 
Cell 2 
o a ooojo .0563 ,3931 0.967 497.51 71.2228.96 
The ~-bramo-2,4-UInltmbenzcne reaction. The data 
- --  
obtained fmm the roaation between 1-bromo-2.4-dinitrabenzene 
and plperldine l a  reoorded in Tablea XXVI through XLIII and 
Figures 9 through 14, The conduotance range over all con- 
centmtiona and temperatures uas  lightly l e s s  than the iodo 
rerration. Cell 1 had a maximum o o n 4 u c ~ a e  of 538 micromhos 
while osU. 2 had a mnximum of 8000 miaromhoa. 
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Error In the recorded conductances was more random 
than for the lodo indicating better precision measurement. 
The percentage of error and the variance were all lese for 
a specific concentration at a specific temperature for the 
bromo reaction. Since the bromo was the last reaction to 
be performed during the study, an increase in familiarity 
with the equipment may have accounted for the better values. 
The highest error reconled for the bromo reaction was for 
0.0007j moles at 25O C in both cells. The least error uae 
found in the measurements of the 0.00050 moles at O.1° C. 
The conductance ratios Increased, as expected, with 
increasing temperature and/or concentration. Table L 
relates the temperature affects on the conductance at zero 
time and infinite time. 
TABLE L 
RATIO OF THE C0)JDIJCTARCES FOR THE BBOMO 
REAGTIOM AT 40.0~ C to O.1° C. 
Concentration 
of piparidins 
In molesfilter 
Cell 1 
CdCo P /c, 
Cell 2 
Co/Co c,/coo 
- - pp - - - - 
Again, the vriluea are quite ooneistant, Indicating 
that tha aonduatanaa ratio Is reliable with a change in 
temperature. The ahsme in c o n d u a ~ c e  ratio 1s partially 
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due to an increase in all quantities. The ratio of infinite 
conductances for 0,150 molar piperidlne in cell 2 is very 
low which may be due to an error in measurement of the 
conductance of the 40' C infinity reading. A check shows 
that the corresponding value for a 40°/250 ratio is also 
low. Thus, these values are useful in determining whether 
or not the proper conductances are obtained for infinite time 
and zero time. 
The change in conductivity ratio with a change in 
time gives a slope of 2ka and a y-intercept of 1 as Indicated 
previously, The values obtained for the bmmo reaction are 
listed In Table LI. 
The y-Intercept values are oloerer to the value of 1.00 
than the iodo reaction although many of the slopes had to be 
revlsed as the conduotance ratio beaame too high ulth 
inororsing time. Cell 2 ha8 moat of the valuea that were 
eorractsd which lead8 one to believe that the conductance 
I s  too hieh far the later tlmes during the ruaction. With 
the bormotibn~, the y-intaroapt md.nes become closer to 
the acceptad 1.00 and the slopes became more anifom. 
TABLE LI 
SLOPES AND Y-INTERCEPTS OF COmDUCTANCE CUKfTES FOR THE 
1-BROMO-2.4-DINITBOBENZENE REACTION AT VARIOUS 
CONCENTRAT IONS AND TEMPERATURES 
Moles of bromo 
for 40.0 m l .  Slope Y-intercept 
cell volume O.lOc 25'~ 40°c 0.l0C 2 5 O c  40°c 
Cell 1 
0 ooojo .00654 .03744 .09864 1.001 1.009 1.011 
0.00075 .01023 .05870 ,1573 1.004 1.008 1.006 
0 00100 ,01381 .08114a.2140 1.008 1.012a 1.012 
Concentration 
in moles/28 ml. Cell 2 
cell volume 
0.00050 .00948 .04849ae1485 1.005 1,OSa 1.006 
0,00075 ,01506 ,08789a. 247% 1.008 1. Olla 0.989a 
0,00160 .01381 .1264a ,2928a 1.008 0.972a 1.Ofila 
r - These vtlnes have been rwised by rejection of 
one or mom conductance figure. 
R w m  the alopes listed in Tabla LI, the corresponding 
rate conetanta and half-llsres are aalculated and recorded in 
Table LII, 
TABLE L I I  
SPECIFIC BATE CONSTANTS AND HALF-LIVES OF THE 1-BROMO-2, 
4-DINITROBENZENE REACTION AT VARIOUS 
CONCENTRATION8 AND TEWEBATURES 
mlas o r  bmmo k (liter moleo1 t+ minutes) 
for 40,O m l ,  rnimte'l ) 
cell volume 0.1'~ 25OC 40'~ O,lOc 25'~ 40'~ 
Cell 1 
Conoentratlan 
i n  moles/28 m l ,  
cell volume 
Cell 2 
The average rate conatants rere 0,2748, 1,588, and 
4.216 l i t e r s  mole'l minute-1 for 0.1' C. 25.0' C. and 
40,0° C, respectively, No literature reports this reaction 
in atheno1 leaving no comparison between the p)ysical and the 
chamid mathads, The half-life values correspond alosely 
to  the oondnatmca ratio of 2.00 giving reliability to the 
measuremanta. 
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Eher~y bf activation enthalpy relationshl~s. The 
-
activation energy is the energy required to form the activated 
complex which m s t  be attained if a reaction Is to occur, 
The attainment of this activated lstate is capable, as is the 
rate of reaction, of determining the halogen reaction series 
which will be discnseed later. The energy of activation 
obtained from the integrated Arrhenius equation was found to 
be 12-28 K a a l ,  for the iodo reaction, A value of 11.58 K c a l .  
was obtained for the bromo reaction. A plot of the logarithm 
of the rate constants against the reciprocal of the absolute 
temperature is a linear relationship which is shown in Figure 
15 for the iodo reaction and Figure 16 for the bmmo reaction. 
The entropy value for the reactions rras determined by 
the equation: 
log k = S* - + 108 
A n  lncreaae In entropy la elgnifled by a negative quantity 
indlcurtinq an Inorease in the disorder of o system. The 
larger the negatlva value, the quicker the reaction proceeds 
whioh alao gloaa an Indication of the halogen order of 
reaction. The ohanga In entropy for the iodo system rras 
-19.25 calorle~ degree-' mole-l. The change in entropy for 
the bromo system was -18.74 calorlaa degree-' mole-'. 
The reaation aeries for 1-halo-2 ,bdinltmbenzene with 
(1/~) x 103 d e ~ r e e a  Kelvin 
F leure  15.  V n r i ~ t i o n  o f  l o ~ a r i t h m  k with the ~ c 1 P -  
r o c e l  of t h e  a b s o l u t e  temperature for  t h e  l-iado-2,4-dinitro- 
benzene reac t ion .  
(1/~) x 103 deprees Kelvin 
Fiqura 16, Variation o f  l o ~ a r i t h m  k with the recip- 
rocal oE the  abf30lute temperature f o r  the 1-bmmo-2,4-dinitm- 
benzene reaction. 
piper id ine  i n  95 per  cent ethanol can be determined by specl- 
f i c  r a t e  constants.  change In enthalpy. and change In 
entropy, Comparisons of these values are summarized in  
Table L I I I  i n  order  t o  establ ish a series fo r  the reaction. 
TABLE L I I I  
RATE CONSTANTS, ENTFIALPY, AND ENTROPY VALUES FOR THE 
1-HALO-2.4-DINITROBEMZENE REACTION WITH PIPERIDINE 
I N  95 PER CENT ETHANOL 
k ( l i ter  mol 
Halogen degree' r ;' E ( ~ c a l . )  S*(cal.  d g . 7  
C O U P  O . l O c  25Oc 40°c mole-! 
B ~ o ~ o -  .2748 1.588 4.216 11.59 -18 74 
10d0- .0056 0.360 1,007 12.28 -19.25 
aCbmected from Frank's values 
The m r c t l o n  sar iaa  as Indicated by the above table 1s 
in t h e  order C1 > Br v> I In  all data round except the change 
In entropy. T h i s  l e  vary mrprls lng since the values used t o  
d c u l a t a  t h e  entropy are i n  the correat order. Frank l i s t s  
values of 10.66 k d .  f o r  the aotlvmtlon energy and -21.84 
calories degreeg1 moleo1 rhlch were reuilcolated and now 
ehaw a n  even oloaar ralatlonahlp batman the ohlom and 
bramo. Chrpmnn and Parker report that the 1-fluom-2, 
l ~ ~ d . .  pp. 62-65. 
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4-~ in i t r abenzene  react ion  w i t h  piperidine i n  99,8 per cent 
ethanol  I s  50 t o  100 times fae ter  than the chloro reaction.1 
The s e r i e s  would be complete4 i n  the order: F>> C1> Br>>I, 
The oonductometric analysis of 1-bromo-and l-iodo- 
2.4-dinitrabenzene with piperidine was carried out a t  three 
temperatures t o  complete the  react ivi ty series,  Other work 
t h a t  has been done by a chemloal ana ly s i s  has been cited which 
may be t r i e d  by a concluctomatric analysis, 
A contirmous reoording device would make reactions 
simpler f o r  then an i n f i n i t e  rmmber of pointe could be taken 
and the  reao t lon  could be recorded rrithmt the problem of 
zeroing t h e  Wheatstone Bridge, 
IN. B. Chapman. R. E. Parker. an4 Pa We Soanes. 
nReact ivi  t y  of Woni t rabenzsnes  and of l-Flnoro-2,4-dinit~- 
benzene, Chomiatrs an4 Industry (1951), 148, 
CHAPTER V 
SUMMARY 
The purpose of this thesis was to determine the rate 
of reaction of 1-bramo- and 1-iodo-2.4-dinitrobenzene and 
plperlalne in 95 per cent ethanol at various tempelratnres 
and concentrations by a conductometrlc process. The l-chloro- 
2.4-dinl trobenzene reaction with piperidine was rechecked at 
25,OO Centigrade to relate the results of this study to a 
previous work, Alaa, the eetablishment of a halogen re- 
activity series for the reaction lras intended. 
The reaction between 1-chloro-2.4-dinltrobenzene and 
plperldine In 95 per cent ethanol was followed condnctometri- 
call y at 2 5 . 0 ~  C. an en RC-18 condnctirlty bridge. The 
oondactance at tlme t was nuad to find the condnctlvity ratio 
which marled directly r i t h  time, verlf'ylng the equation for 
the determlnatlon of the raaction constants. The specific 
rate aonstant m e  found to be 1.686 liter mole' minuteg1 
rrhiah aomprmd olasel~ with the v a l u e  of 1.744 liter mole' 
minute-l fotrnd by Rank.' The error for the individual 
oonductanae measa~smente wae found to inarsaee wlth tima 
rrthsr than dearamse with tlme as Frank found in his 
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re81 stance measurements .l The error in parts per thousand, 
however, was found to remain fairly constant. 
The 1-lodo-2 ,&-cllnitrobenzene used in this study was 
preparea simply by refluxing a mixture of sodium iodide and 
1-chlora-2.4-dlnitrobenzene in N-Nf -dlmethylformamide for 
15 minutes, The product was collected from an ice-water 
mixture and recrystallized from 95 per cent ethanol. The 
melting point range was 86-89* C. The reaction between 
1-lodo-2.4-dinitrobenzena and plperidine In 95 per cent 
ethanol uas carried out at three temperatures. Since 
l-lod0-2,4-din1trobenzene Is not as erolnble in 95 per cent 
e than01 as the chloro homolog, different concentrations were 
nsed than had bean nsed in the above reaction wlth the chloro 
homolog. A Sargent Mecurial Thermoregulator was employed to 
keep the water bsth at the desired temperature and proved to 
be very uucaeaeihl, A new pmcedara ma followed for the 
raratlan at 0.1~ C, whiah pannittad several runs to be nvrde 
in a shorter period of time with a minimam of error. 
A n  increaae in the conductance ratio was found to be 
directly p~oportlonrl to the time. The slope of the line 
obtained allowed the aalaulatlon of the maation rates and 
half-lives of the maation. The reaotion rates at several 
temperaturea m a  nsed to amleulate the activation e n e m  
and ahango In entropy, The rate conatants for the 
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1-lodo-2.4-dinitrobenzene reaction with piperidine were fomd 
to be 0.0558, 0.3598, and 1.007 liters mole-' minntea-1 for 
O.1° C., 25.0' C.. and 40.0~ C., respectively. The energy 
of activation, as calculated f r o m  the integrated Amhenins 
equation was 12.28 Kcal. The change In entropy was -19.25 
calories degree'' moleo1. 
The reaction between 1-bramo-2.4-clinltrobenzene and 
piperidine in 95 per cent ethanol was followed conductometri- 
cally at three temperatures. This reaction also yielded a 
linear relationship between the conductivity ratio and the 
time, Prom the slope If this line, the specific rate con- 
stants and half-llvee were again determined. The rate 
constants were 0.2748, 1.588, and 4.216 liters moleg1 minute-1 
for the temperatures O.1° C., 25.0' C. and 40.0~ C., 
reapectlvely, F r o m  the speclflc rate conatants at different 
temperatures, the energy of activation was calculated to be 
11-59 K c a l ,  The ahnnge In entropy wss found to be -18.74 
ciloriss degree-1 mole-l. 
The reaatlvit~ series for the 1-halo-2,4-dlnltrobenzene 
with piperidins in 95 per cant ethanol m a  found to be 
C1> Br >>I by a oonduotornatric method, Onlr the 1-chlor0-2, 
4--dFnltmbsnzane with plperidine has been reacted and studied 
by a non-oondaotomatria proaeaa in 95 par oent ethanol. 
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For other problems to be studied conductometrically, 
a list of reactions that have been studied by chem1ca.l 
analysis have been placed In Chapter 111 of this work. 
Also, solvent effects on the w e  series might be tried 
to see If they have an effect on the rate constants and 
order of reactivity among the halogens. 
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